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[57] ABSTRACT

A metal oxide semiconductor device is featured by the
provision of at least two field plate elements interposed

by an insulating layer. The field plate elements.are con-

nected from a drain electrode and a source electrode.
Otherwise, they are isolated from the respective drain
electrode, source electrode, and gate electrode. Each of
the field plate elements consists of Al, polycrystalline
silicon, or the like. An extensive conductive layer is
provided which overlaps vertically each of the field
plate elements.

6 Claims, 11 Drawing Figures
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IMPROVED HIGH VOLTAGE MOS TRANSISTOR
WITH FIELD PLATE LAYERS FOR PREVENTING
REVERSE FIELD PLATE EFFECT

This application is a continuation of copending Ser.
No. 213,635 filed on Dec. 5, 1980.

BACKGROUND OF THE INVENTION

The present invention relates to a metal oxide semi-
conductor (MOS) transistor and, more particularly, to a
high voltage MOS transistor.

To establish an improved high voltage MOS transis-
tor by preventing field concentration near an edge of a
gate electrode, an attempt has been made in which there
has been additionally provided a high resistant layer
adjacent a drain as a part of the drain region, the con-
ductivity type of the high resistant layer being the same
as the drain.

FIG. 1 shows a cross-sectional view of a conven-
tional high voltage MOS transistor. In FIG. 1, the con-
ventional transistor comprises a P type substrate 1. an
N+ type source layer 2, an N+ type drain layer 3,a P+
type layer 4, an N~ type high resistant layer 5, a source
electrode 6, a drain electrode 7, insulating layers 8, 8
and 8”, a gate electrode 9, field plate layers 6’ and 7,
and an additional field plate layer 10 made of Al, poly-
crystalline silicon, or the like.

The P+ type layer 4 surrounds the N+ type source
layer 2 for providing a gate channel for the transistor.
The layer 4 is formed by a diffusion--seif-alignment
process. A high voltage diffusion-self-alignment MOS
transistor is described in Awane et al, U.S. Pat. No.
4,058,822 issued Nov. 15, 1977, assigned to the present
assignee, entitled “HIGH VOLTAGE, LOW ON-
RESISTANCE DIFFUSION-SELFALIGNMENT
METAL OXIDE SEMICONDUCTOR DEVICE
AND MANUFACTURE THEREOF”. The disclo-
sure of this patent is incorporated herein by reference.

Around the N+ type drain layer 3, the N— type high
resistant layer 5 is provided for preventing field concen-
tration at the edge of the gate electrode 9. The layer 3
constitutes a part of the drain region. Each of the source
electrode 6 and the drain electrode 7 is composed by Al,
polycrystalline silicon, or the like. Each of the field
plate layers 6’ and 7' extends from each of the source

electrode 6 and the drain electrode 7. The gate elec-

trode 9 is made of Al or polycrystalline silicon, called a
silicon gate. The layer 10 is prepared simultaneously
with the preparation of the silicon gate 9.

The field plate layer 6’ functions to reduce field con-
centration at the edges of the gate electrode 9. The field
plate layers 7' and 10 function to reduce field concentra-
tion in the boundary between the N+ type layer 3 and
the N— type layer 5. |

If one of the field plate layer 6’ and the field plate
layer 7' extends over a suitable limitation, a reverse field
plate effect may be remarkably generated which is ap-
plied to the drain portion 3 by the layer 6’ or to the edge
of the gate electrode 9 by the layer 7'. This reduces the
value of a sustained voltage.

To eliminate the generation of the reverse field plate
effect, the above-mentioned structure of the transistor
includes a region A of the N— type high resistant layer
5 uncovered with the field plate layers 6’ and 7' made of
Al or the polycrystalline silicon. However, inevitably
the amount of a sustainable voltage in the ON condition,
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the amount of the drain current and the value of Roy
will undesirably vary according to this structure.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the present
invention to provide an improved high voltage MOS
transistor for eliminating the above-stated disadvan-

tages.

It is another object of the present invention to pro-
vide an improved high voltage MOS transistor compris-
ing a high resistant portion adjacent a drain region, the
high resistant portion being substantially and com-
pletely covered by a conductive layer to thereby pre-
vent the effect of externally applied charges, referred to
a field plate effect.

Other objects and further scope of applicability of the
present invention will become apparent from the de-
tailed description given hereinafter. It should be under-
stood, however, that the detatled description and spe-
cific examples, while indicating preferred embodiments
of the invention, are given by way of illustration only,
since various changes and modifications within the
spirit and scope of the invention will become apparent
to those skilled in the art from the detailed description.

To achieve the above objects, pursuant to an embodi-
ment of the present invention, a metal oxide semicon-
ductor device is featured provided with field plate ele-
ments having at leaast two-layers interposed by an insu-
lating layer. The field plate elements are connected to at
least one of a drain electrode and-a source electrode.
Otherwise, they are isolated from any one of the drain
electrode, the source electrode, and the gate electrode.
Each of the field plate elements consists of Al, polycrys-
talline silicon, or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of
the present invention and wherein:

FIG. 1 is a cross-sectional view of a conventional
high voltage MOS transistor;

FIGS. 2 through 10 each show a cross-sectional view
of a high voltage MOS transistor according to the pres-
ent invention;

FIG. 11 shows a graph representing a comparison in
characteristics of ‘Rpon between the transistor of the
present invention and that of the conventional type.

DESCRIPTION OF THE INVENTION

Referring now to FIGS. 2 to 10, there are indicated a
high voltage MOS transistor of the present invention.
Like elements corresponding to those of FIG. 1 are
indicated throughout these drawings.

With reference to FIG. 2, the transistor is-character-
ized in that a field plate effect is accomplished for the
N— type high resistant layer 5 by provision of an exten-
sive conductive layer 10; disposed on the insulating
layer 8. The layer 10; is composed of Al, polycrystalline
silicon, or the like. |

The field plate effect applied to the layer S 1s pro-
vided in combination by the field plate layers 6’ and 7,
and the extensive conductive layer 10; functioning as a
further field plate means. Vertically, the extensive con-
ductive layer 107 overlaps with each of the field plate
layers 6’ and 7'. The extensive conductive layer 101 1s
connected to the drain layer 3 via the drain electrode 7.
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- The layer 10, is formed simultaneously with a manufac-
turing step for preparing the gate electrode 9.
In FIGS. 3 and 4, another type of each of the conduc-

tive layers 10, and 103, also made of Al, polycrystalline
silicon, or the like, is provided on the insulating layer 8.
Each of them extend from either of the drain electrode

7 or the source electrode 9. They are disposed like an
island. Each is formed simultaneously with the prepara-
tion of the gate electrode 9. Each of the layers 10, and
1031s connected to each of the field plate portions 6’ and
7 .
In FIG. §, on the insulating layer 8", a further field
plate layer 104 made of Al, polycrystalline silicon, or the
like is provided substantially covering region A as ex-
plained in FIG. 1. The layer 104is coupled to the source
electrode 6 via the field plate layer 6'. Alternatively, the
layer 104 may be coupled to the drain electrode 7 via the
field plate layer 7'.

In FIG. 6, there 1s provided a further field plate layer
105 on the insulating layer 8. The layer 105 extends
from a wiring element 11 disposed on the drain elec-
trode 7. The layer 105 substantially covers the region A
as explained above. It is composed of Al, polycrystal-
line silicon or the like.

As described above, since any of the layers 10, 10,
103,104 and 105 is necessarily connected to any of the
clectrode means, such as the source electrode 6, the

drain electrode 7, and the wiring element 11, each of

these layers can be called a no-floating gate type.

Since any one of these layers is shaped so as to extend
from the electrode means, the cut-off voltage of the
transistor is limited up to a certain range to thereby
prevent further increase in the value of the sustainable
voltage of the transistor.

In order to further increase the value of the sustain-
able voltage, the following embodiments of the present
invention are performed. - |

A field plate means which is electrically isolated from
any of the electrode means is further described. There-
fore, each of these layers can be called a floating gate
type. .

With reference to FIG. 7, there is provided on the
insulating layer 8’ a region B uncovered by the field
plate layers 6’ and 7' to eliminate the generation of the
reverse field plate effect. The region B corresponds to
the region A as described in FIG. 1. On the insulating
layer 8 opposite to the region B, a further field plate
layer 10¢ made of silicon is formed. The layer 10¢ is of
the floating gate type. Vertically, the edges of the layer
106 overlap with each of the field plate layers 6’ and 7’
to ensure the cover of the high resistant layer 5. The
layer 10¢ is composed of Al, polycrystalline silicon, or
the like.

Similarly with FIG. 7, a further field plate layer 107 is
formed on the insualting layer 8” in FIG. 8. This layer
- 107 1s composed of Al, polycrystalline silicon, or the
like,

In FIGS. 9 and 10, a further field plate layer is di-
vided into pieces.

In FIG. 9, there are disposed further field plate layers
13 on the insulating layer 8 and other field plate layers
12 on the insulating layer 8'. The layer 13 are covered

by the insulating layer 8 and the layers 12 are covered

by the insulating layer 8. The layers 13 are formed
simultancously with the preparation of the gate elec-
trode 9. The layers 12 are formed simultaneously with
the preparation of the source electrode 6 and the drain

10

15

20

25

30

35

40

43

>0

335

60

635

4

electrode 7. Each of these layers 13 and 12 is composed
of Al, polycrystalline silicon, or the like.

In FIG. 10, there are disposed other divided field

plate layers 13’ on the insulating layer 8 and other
divided field plate layers 12’ on the insulating layer 8.
The layers 13’ are covered by the insulating layer 8.

- The layers 13" are prepared simultaneously with the

preparation of the source electrode 6 and the drain
electrode 7. The layers 12’ are prepared simultancously
with the preparation with the wiring element 11. Each
of these layers 12’ and 13’ is composed of Al, polycrys-
talline silicon, or the like. |

In the structure of FIGS. 9 and 10, where the divided
field plate layers are provided, capacitive connection is
formed between the drain electrode 7 and the source
electrode 6 via capacitors Ci,“Cs, etc. carried on these
layers. According, a voltage of each of these layers is
determined by dividing the drain voltage by the ratio of
their respective capacitors. -

While the drain voltage is fixed, the ratio of their
respective capacitors is desirably selected by changing
the size of these layers or the dielectric conditions of the
insulating layers. The voltages of these layers can be
desirably changed among the layers near to and far
from the drain electrode 7. Since the field plate layers
are divided, smaller voltage is applied to the respective
insulating layers than the voltage applied in the case of
the above-mentioned single field plate layer. This re-
sults in preventing the generation of discharge and di-
electric breakdown. |

These embodiments lead to the advantage of the
present invention that, while the high resistant layer 5 is
completely covered with the field plate layers for the
purpose of attaining the field plate effect, the reverse
field plate effect is virtually prevented.

F1G. 11 shows a graph representing comparison data
in characteristics of Ronbetween the transistor accord-
Ing to one of the above-stated preferred embodiments of
the present invention and that of the conventional type
as shown in FIG. 1, under high temperature of about
100° C. and high voltage bias of Bps=200 V and
Vgs=0V.

The data of FIG. 11 are plotted with Ron(k{}) as the
ordinate and Vt[(hrs)}] as the abscissa. The term “hrs”
means “hour”. The data (I) is obtained from the type of
the present invention. The data (Il) 1s obtained from the
conventional type. As indicated in FIG. 11, the data (I)
varies while the data (II) is more stable than the data (I).

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions are intended to be included within the scope of the
following claims.

What is claimed is:

1. A metal oxide semiconductor transistor device of a
high voltage type comprising in combination:

a semiconductor substrate having a conductivity of a

first type;

a source region formed in said semiconductor sub-
strate, said source region having a conductivity of
a second type opposite to that of said semiconduc-
tor substrate;

a channel region of the same conductivity type as said
semiconductor substrate formed to surround said
source region;

a drain region formed in said semiconductor substrate
apart from said source region, said drain region
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having a conductivity of a second type opposite to
that of said semiconductor substrate;

a high resistant region surrounding said drain region,
and positioned between said drain region and said
source region, having the same conductivity type
as said drain region;

at least first, second and third insulating layers pro-
vided overlying each other and superimposed on
and substantially covering said substrate;

a drain electrode connected to said drain region;

a source electrode connected to said source region;

a gate electrode formed above said channel region
having a portion of said first insulating layer iner-
positioned therebetween;

separate field plate layers interpositioned between
said second and third insulating layers and con-
nected respectively to said drain and source elec-

trodes; and
a conductive layer connected to at least one of said

5

10

15

drain and source electrodes overlapping vertically 20

with said field plate layers and interpositioned be-
tween said first and second insulating layers, the
combination of said field plate layers and said con-
ductive layer substantially covering said high resis-
tant region and imparting a field plate effect to said
high resistant region.

2. The semiconductor device of claim 1, wherein said
field plate layers including said extensive conductive
layer are comprised of Al or polycrystalline silicon.

3. A metal oxide semiconductor transistor device a
high voltage type comprising in combination:

a semiconductor substrate having a conductivity of a

first type;

a source region formed in said semiconductor sub-

strate, said source region having a conductivity of

a second type opposite to that of said semiconduc-
tor substrate;

a channel region of the same conductivity type as said
semiconductor substrate formed to surround said
source region;

a drain region formed in said semiconductor substrate
apart from said source region, said drain region
having a conductivity of a second type opposite to
that of said semiconductor substrate;

a high resistant region surrounding said drain region,
and positioned between said drain region and said
source region, having the same conductivity type
as said drain region;

at least first, second and third insulating layers pro-
vided overlying each other and superimposed on
and substantially covering said substrate;

a drain electrode connected to said drain region;

a source electrode connected to said source region;

a gate electrode formed above said channel region

having a portion of said first insulating layer inter-

positioned therebetween;
separate field plate layers interpositioned between
said second and third insulating layers and con-
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nected respectively to said drain and source elec-
trodes; and -

at least one additional field plate layer superimposed
on said third insulating layer coupled to at least one
of said drain electrode and source electrode over-
lapping vertically with said field plate layers inter-
positioned between said second and third mnsulating
layers, the combination of said field plate layers
substantially covering said high resistant region
and imparting a field plate effect to said high resis-
tant region.

4. The semiconductor device of claim 1, wherein said
at least one additional field plate layer comprises Al or
polycrystalline silicon.

5. A metal oxide semiconductor transistor device of a
high voltage type comprising in combination:

a semiconductor substrate having a conductivity of a

first type;

a source region formed in said semiconductor sub-
strate, said source region having a conductivity of
a second type opposite to that of said semiconduc-
tor substrate; |

a channel region of the same conductivity type as said
semiconductor substrate formed to surround said
source region;

a drain region formed in said semiconductor substrate
apart from said source region, said drain region
having a conductivity of a second type opposite to
that of said semiconductor substrate;

a high resistant region surrounding said drain region,

- and positioned between said drain region and said
source region, having the same conductivity type
as said drain region;

at least first, second and third insulating layers pro-
vided overlying each other and superimposed on
and substantially covering said substrate;

a drain electrode connected to said drain region;

a source electrode connected to said source region;

a gate electrode formed above said channel region
- having a portion of said first insulating layer inter-
- positioned therebetween;

separate field plate layers interpositioned between
said second and third insulating layers and con-
nected respectively to said drain and source elec-
trodes; and

at least one floating field plate layer electrically insu-

- lated from said electrodes provided on at least one
of said respective insulating layers, positioned so as
to overlap vertically said remaining field plate
layers, the combination of said field plate layers
substantially covering said high resistant region
and imparting a field plate effect to said high resis-
tant regton. -

6. The semiconductor device of claim 5, wherein said

at least one floating field plate layer comprises Al or

polycrystalline sihcon.
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